In the context of improving our understanding and modeling capabilities of activity scheduling processes in travel behaviour, this paper explores the role of social networks in the start time and duration of social activities. The study is performed using a trivariate joint econometric model, which is capable of capturing the correlation among unobserved influential factors causing endogeneity of these three key decisions. The model captures not only the relevance of socio-demographic variables, but also of the social network dimension of with whom travellers perform social activities. A particular relevant case is the role of travel time to the social activities, which has a positive effect on longer durations and late start times, and which acts as a link between these two basic dimensions (start time and duration) of activity scheduling. The results confirm the relevance of the social context in the episode temporal characteristics, illustrating aspects that future activity-based travel demand models should incorporate these to be able to capture the socializing side of mobility decisions.
INTRODUCTION
During the last decade, travel demand models have experienced a number of improvements towards a better understanding of peoples' travel behaviour in urban areas. This trend is especially relevant in the context of activity-based models, which have moved towards operational models, explaining increasingly more complex questions about the role of transportation in quality of life (e.g., Roorda et al, 2008; Arentze and Timmermans, 2004) . A key improvement of activity-based models is the better understanding and modeling of the role of activity scheduling processes in peoples' mobility, in which episode start time and 2 duration constitute key elements. However, as we move forward on understanding these issues, the models' scope needs to be expanded from individual-based perspectives, to more social-based paradigms. It is very important because in this way itcan recognize the fact that a relevant portion of travel motivated by the need of meeting others.
In this context, the objective of this paper is investigating the role of the individuals' social context (social networks) in their activity scheduling decisions. More specifically, the aim of the research is to understanding the role of social networks ("with whom" people interacts) in the two critical scheduling decisions: start time and duration of social activity episodes. The focus on social activities was chosen as a paradigmatic activity type, although the analysis could be expanded without loosing generality.
The data that support this approach corresponds to the first wave of the Toronto Panel Survey (TAPS, 2002 (TAPS, -2003 ; see Roorda and Miller, 2004) , which used the instrument CHASE® to collect in detail the activities and scheduling processes of around 400 individuals in a week, identifying with whom these activities were performed with. This latter variable is used to construct the "elicited" respondent's personal network, gathering not only whether the interactions were made with friends of family members, but also richer covariates which capture the structure of the respondent's social network. The structure of the social networks is characterized in terms of size, density, contact variability, number of components, and centralization. This paper expands a previous effort which also studied the role of "with whom" in start time, duration and social episodes . In that study, the authors investigated two separated bivariate models: one model having "with whom" and start time, and another one having "with whom" and duration as independent variables. Among the results provided by that study, one of the key findings was that, when the social dimension is incorporated explicitly in the start time models, the effect of travel time and travel distances became statistically insignificant. It suggested that it is "with whom" we socialize what would define the social activity scheduling process and not travel time or distance. However, the sequential structure of that analysis relying upon two separate models, was not able to differentiate whether travel distance did not have any relevance in start time choice or whether there was an endogenous effect between start time, duration and travel distance suppressing the systematic effect of travel distance in start time choice due to the with whom dimension. Bivariate model based analysis rightfully identified the insignificant systematic effects of travel distance on social activity scheduling, but overlooks the unobserved endogeneity that creates the correlation between start time, duration and with whom to participate the social activities.
This intriguing result is re-explored in this paper using now a joint trivariate econometric structure, which is not only able to capture the relevant covariate effects, but also the complex relationships between the three different dimensions. In fact, one of its main features is being able to capture not only the covariance relationships between the three dimensions, but also the unobserved endogenous relationships among them. In this way, the
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Next section of the paper presents the methods employed in this paper. Section three discusses the data structure, with a particular emphasis on the way the social network variables were built. Finally, the empirical results and conclusions are presented.
METHODS

Overview
The methods employed in this paper are designed to capture explicitly the joint relationship between with whom the social activities are performed, the duration of these encounters, and its start time. The model uses an econometric formulation, which includes a discrete choice multinomial logit formulation for the "with whom" choice, and lognormal hazard models for durations and start time choices. Hence, the model can be conceptualized as a joint discretecontinuous-continuous choice model, which does not assume a priori causality among the three dimensions.
The "with whom" decision is modelled as a discrete choice decision, classified into four alternatives: 1. Socialize with family members together with household members 2. Socialize with friends together with household members 3. Socialize with family members without any household member 4. Socialize with friends without any household member
On the other hand, start time and duration decisions for any activity can be modelled as discrete, ordered or continuous decisions. Discretization of time intervals is necessary for both discrete and ordered decision structures. Computationally, discretization of time to model start time and duration may seem easier, but it always leaves scope for aggregation bias in the model. Even if a fine level of temporal resolution is considered (e.g., 5 minutes or 10 minutes), it is difficult to conclusively establish what exact interval size should be used. The times near the boundaries of adjacent discrete intervals are assumed to be distinct choice alternatives, an assumption which is often counter-intuitive. Whatever finer intervals are assumed, alternative adjacent times are nearly identical from the perspective of a commuter but are considered to be distinct choices in a discrete or ordered model for the start time and duration model. As a result, any temporally based policies (e.g. flexible office hour, peak-period congestion pricing, etc.) used in forecasting/prediction must also be applied within the time periods defined during model estimation.
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In this paper, start time and duration of social activities are modelled as continuous decisions together with discrete "with whom" decisions. In this way, the modelling structure takes the form of a trivariate discrete-continuous-continuous decision structure. Within this structure, the discrete choice component is modelled as a multinomial logit model and the continuous components are modelled as continuous accelerated life hazard models. The accelerated life hazard modelling approach recognizes the dynamics of start time and duration decisions within the model formulation. The formulation derives correlations between these three decisions without considering any specific sequence of decisions. In addition, the model structure is capable to capture the endogenous role of social duration both in "with whom" and start time choice decisions. The next section describes the structure of the model and the estimation process.
Structure and Estimation
The paper uses a trivariate econometric model formulation that connects three different types of choices (discrete, continuous and continuous). The model formulation captures the correlations between unobserved factors affecting the choice situations under consideration. The econometric formulation is based on Habib (2010) . Let us consider for any individual i, that S represents the logarithm of continuous start time, (i.e., time from the reference time to the point of starting the social activity), and D represents the logarithm of continuous duration of the social activity. According to Keifer (1988) , the accelerated life hazard model specification for start time and duration can be expressed as functions of covariates (x and z respectively) multiplied with their corresponding parameters (β and γ, respectively) and additive error terms (ξ and ψ, respectively). On the other hand, let us assume that the utility of choosing a particular kind of people w for socializing is expressed by Uw. The utility of with whom choice is composed of a systematic utility function (Vw) and an independent and identically Gumbel distributed (across the outcomes and individuals) error term, εw, with zero
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Beginning with the utility function of with whom, a multinomial with whom choice situation can be expressed in terms of dichotomous situations (Munizaga et al. 2006) . Any individual kind of person w is chosen if their utility is greater than the second maximum utility of all other alternatives:
This can be further decomposed as:
This can be re-written in terms of a modified variable, V can be written as:
On the other hand, the continuous time hazard models are primarily concerned with the time until the event terminates. For the empirical application in this paper, the time until one starts the social activity is the topics of interest. The time until one starts the social activity can be referred to as the pre-social event end time. The basic formula describing event termination in hazard models is the hazard rate, λ(t), which is the conditional probability of event termination occurring between time, t, and (t+dt), given that the event has not terminated before time, t. The hazard rate can be expressed mathematically as:
where F(t) refers to the cumulative probability distribution function and f(t) is the corresponding probability distribution function. Similarly, the survival function S(t), which
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Combining the definitions of λ(t) and S(t), the hazard function can also be expressed as:
In the cases of start time and duration of the social activity, we can simply assume specific distributions of f(t) and directly estimate the structural parameters of the assumed distributions. (Note that here t refers to time in general; in the cases of start time and duration we can use t s and t D , respectively, for identification).
However, as we are interested in incorporating covariates in the hazard model, there are two common specifications available: the proportional hazard and accelerated life hazard models. The proportional hazard model assumes that covariates modify the hazard function directly by having a multiplicative effect; the hazard rate is effectively decomposed into one term dependent on time, and another one dependent only on the covariates (Hensher and Mannering, 1994) . On the other hand, the accelerated hazard model assumes that the covariates rescale or accelerate the time directly in the baseline survivor function; in this case, the hazard rate varies over time as it is accelerated or decelerated by the covariates. The accelerated life hazard specification is more attractive in our case because one can expect considerable dynamics in the hazard rate influenced by different covariates; the proportional hazard formulation, on the other hand, may not be realistic in such situations (Lee and Timmermans, 2007) . Then, assuming an exponential covariates functional form exp(βx) and exp(γz) for start time and duration, respectively, the accelerated hazard models for start time and duration social activity can be expressed, (where the subscript 0 denotes the baseline), as:
As explained by Kiefer (1988) , these formulations can be exploited to define the accelerated life hazard model in the form of linear specifications as mentioned in Equations (1) and (3) where the assumed distribution of the error terms, ξ and ψ, defines the form of the corresponding accelerated time hazard model. If we assume that ξ and ψ are normally distributed, the probability density functions take on the following general form of log-normal accelerated life hazard models:
The hazard model becomes: 
here is a dummy variable representing choice of with whom, is the correlation coefficient with 
Here, the term J(ψ i ) indicates equivalent normal variable of with whom choice probability.
The estimation code was developed in the software GAUSS®, using the BFGS algorithm (Aptech, 2006) . In order to capture effects of different variables, we further parameterized the systematic utility function of the discrete choice model components as functions of individual and with whom specific variables. Hence the modelling structure can be expressed as:
Here β/ is the coefficient of endogenous duration. Although the assumption of endogeneity further complicates the variance-covariance structure of the three decisions, the likelihood function derivation process used in this paper remains the same. Similar evidence is found in Tommaso (1999) for the trivariate continuous-continuous-discrete case and in Pendyala and Bhat (2004) for the bivariate discrete-continuous case. As per the model formulation a positive value of any correlation coefficient indicates negative relationship between the unobserved factors affecting the respective decisions (Habib, 2009 ). In the case of a correlation between discrete with whom choice and the continuous start time (i.e., time from the reference timeline to the starting point of social activity) decisions, a positive correlation indicates that the unobserved traits leading individuals to choose the specific alternative with whom choice tend to lead them to choose a shorter amount of time from the reference
A trivariate simultaneous econometric model NURUL HABIB, Khandker; CARRASCO, Juan-Antonio timeline. A shorter amount of time from the reference timeline indicates an earlier departure from home and vice versa. Similarly, for the correlation between the discrete with whom choice and the continuous duration decisions, a negative value indicates that the unobserved traits leading individuals to choose the specific alternative with whom tend to lead them to choose longer social activity duration and vice versa. In the case of a correlation between with whom-specific continuous start time and continuous duration, a positive sign refers to a negative relationship between the unobserved factors affecting start time and duration choice. This indicates that an earlier start time may influence longer social activity duration and vice versa. On the other hand, in the case the covariates in the start time and duration hazard model, the coefficients have a direct positive relationship to time span but an opposite relationship to the hazard rate. For example, a positive coefficient indicates an increase in duration or late starting of the social activity, while at the same time it indicates a reduced hazard rate of the event.
DATA
The data that support this approach corresponds to the first wave of the Toronto Panel Survey (TAPS, 2002 (TAPS, -2003 , which used the instrument CHASE® to collect in detail the activities and scheduling processes of around 400 individuals in a week, identifying with whom these activities were performed with. This latter variable is used to construct the "elicited" respondent's personal network, gathering not only whether the interactions were made with friends of family members, but also richer covariates which capture the structure of the respondent's social network, in terms of size, density, contact variability, number of components, and centralization.
TAPS provides useful empirical data to support the activity scheduling process modeling pursued in Toronto's activity-based models (Miller and Roorda, 2003) . The specific survey was conducted in that city between 2002 and 2003, with 271 households (426 adults) participating in the weeklong survey. The CHASE instrument was designed to collect information about activities in both planning and execution stages. For this seven-day activity diary survey, the participants are required to record the individual activity information prior to the starting of the day. The CHASE program tracks the activity information that is added first, and then modified, deleted and executed over time. The first time added information represents the agenda formation, which undergoes modification or sometimes deletion for scheduling. The final scheduled observations include the information regarding scheduling pressure. CHASE divides all activities into nine major groups, of which social is one; social activities in this paper are those self-classified by the respondents as well as those that correspond to "going to restaurants" and "having meals at home", were at least one nonhousehold member participates. Further details about each of these categories can be found in Doherty et al (2004) . CHASE collects a variety of attributes related to the activity type, the actor of the activity and the household within which the actor resides. In addition to this general information, some specific information about the activity is collected by actively prompting the respondent in an End of Week Review (EWR). EWR systematically queries stated spatial and temporal flexibilities, normal duration, and frequency of the activity type of
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In addition to socio-economic and activity specific variables, the role of the respondent's social networks in activity-travel decisions are incorporated explicitly. From an empirical perspective, an efficient way of addressing the impact of the social context is by considering the individual's personal network information. Personal networks constitute a useful approach to study the relevance of the social structure in activity-travel decisions. A personal network is "my network" for any given individual. In personal network analysis, the respondent individual is referred to as an "ego" and all of the people with whom he/she interacts are referred to as "alters". The number of "alters" within an ego's personal network indicates the size of the network. Measures of the size of a personal network vary according to the purpose of study. For example, McCarty (2002) estimated networks of about 250 ties in an American sample. However, as scope conditions get more specific, the number of network members decreases.
There is a long tradition about methods to gather personal networks, mainly from sociology (Marsden, 1990; , but also -more recently -from the travel behavior field (Larsen et al., 2006; Carrasco et al.¸ 2008) . Most of these methods explicitly "elicit" the personal network from certain prompt questions, and then gather information about travel behavior patterns. However, an alternative method -used in this paper -consists of gathering the personal networks from the respondents' diary contacts (Fu, 2007) or, in other words, from with whom individuals interacted within a certain period.
Following that approach, personal networks are devised in this paper based on information of the people (alters) with whom a respondent (ego) socializes. Constructing these personal networks is feasible since the CHASE instrument records the specific persons with whom the respondent socialized in each episode. For the purposes of this paper, alters are divided in two categories: "family", which correspond to both close and extended family members; and the "friends", which correspond to all the other people who are not family members. At the same time, CHASE also records whether the alters are household members or not.
The process of building the elicited respondent's social network is illustrated below. Table 1 shows potential social activities that the respondent may have engaged, with their corresponding start time, duration and with whom dimensions. This latter information can be processed in order to elicit a the respondent's social network emerging from the diary as presented in Figure 1 , and where the presence of links between nodes represent whether specific alters shared any activity. In this way, the respondent's personal network is built using the information about the contacts of each social activity; this process allows the study to construct variables at the network level, related with the network's size and structure.
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• Total number of family members, total number of friends, total number of alters with whom the respondent socialized that week. All these variables measure the overall size of the respondent's personal network in the period studied.
• Proportion of family members and proportion of friends. This is the ratio between the number of friends and the total number of people with whom the respondent had social activities. These variables measure the relative importance of each role in the respondent's contact; that is, whether the respondent is more family-or friendoriented, or whether there is a balance in the kinds of contacts s/he has.
• Variability of with whom. For each alter, a variability index is constructed calculating the ratio between the number of social episodes s/he had with the respondent and the total number of episodes that the respondent performed during the week. The average variability index of all the alter members from the respondent's personal network corresponds to the variable variability of with whom. This variable measures the "variety seeking" on social contacts, serving as a proxy of the fragmentation of the respondent's personal network. A number close to one involves a low variability of people, that is, the respondent tends to have social episodes mostly with the same people for all the episodes, whereas a number close to zero involves a high variability of people, where most of the social episodes involved different alters. 
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A trivariate simultaneous econometric model NURUL HABIB, Khandker; CARRASCO, th WCTR, July 11-15, 2010 -Lisbon, Portugal In the case of systematic effects for the discrete choice "with whom", the negative sign on all the alternatives with respect to the alternative of reference (socializing with friends but without any household of family member) shows a tendency of younger people to socialize more with their peer friends than with their family alters, all else equal. On the contrary, people with higher income shows a higher tendency for activities with family members, especially with specialized interactions, such as only friends or only friends and household members. In terms of social network variables, the proportion of friends in the network is a positive variable with respect to the alternatives which involve family (with or without household members). Conversely, having a higher proportion of family members in the network has negative effect in the probability to choose friends as alternatives. These two results are consistent with previous findings from the literature which show a "saturation" effect (Carrasco and Miller, 2009) , which involves that people with more friends will tend to choose their few -but possible very relevant -family alters, all else equal. Another relevant social network variable is the negative effect of the variability of social network in the friend and household member alternative, which shows that people with more variability of social relations are those who have more propensities to choose friends for their social activities. Finally, other socio-demographic variables which are relevant on the "with whom" utility functions are gender, household size, lifecycle (adult with partnership), and being household head.
In the case of duration, social activities will tend to be longer when there are more people from the respondent's social network involved. Similarly, duration is positively related with the total number of alters from the overall set of the respondent's social activities; that is, people with more social contacts will tend to spend longer social activities. Social activities tend to be shorter for older people and for those who have children at home, the latter effect possible due to scheduling constraints. People who work at home -and possibly with more flexible schedules will tend to have longer social activities, as well as those who have a car. Finallyand consistently with the earlier study by Habib et al. (2008) -social activity duration is positively related with travel time, result consistent with the literature and the intuition regarding the relationship between the utility of performing the activity and the cost (travel time) of performing it.
In the case of start time, there are no social network significant variables, but sociodemographics and a level of service variable. Intuitively, more duration flexibility involves the propensity to start later the social activity. Also, having a car involves earlier social activities as well as having more children at home. If more people from the social network are involved in the social activity, start times tend to be later, possibly due to the more difficult scheduling coordination process.
Contrary to the previous study with these data , travel time is a significant and positive variable for start times, which means that longer travel time distances involve earlier start times. The contrast with the earlier study shows the relevance of using a jointly trivariate econometric study to represent the joint relationship between with whom, duration, and start times, and which could incorporate the unobserved endogenous effects between them. In fact, the earlier study by Habib et al. (2008) , was not capable of explicitly incorporating the relationship between duration and start time, and the role of travel times on this relationship, given that considered two separate bivariate models of with whom / duration and with whom / start time. In that sense, the result presented on this paper shows that travel times are a crucial link between duration and start times on social activities, when unobserved effects are taken into account.
CONCLUSIONS
This paper has presented an econometric trivariate model, which studies the relationship between two key activity scheduling variables (duration and start time) and the role of social networks, studied through the social contacts of the decision makers (with whom). The model expands an earlier study by incorporating the endogenous unobserved factors which help to understand the interrelation between the three variables of study. A particularly remarkable result is the positive role of travel times on both duration and start times, showing that travel time is a relevant link between both variables, and that is does matter even in social activities. In addition, the relevant role of social networks -shown through the statistical significant correlation with duration and start times -emphasizes the idea that activity-based models which need to be explicit on the relevance of this social dimension. In fact, these empirical results -and others from the previous literature discussed earlier in this paper -show that models that build the travellers' activity scheduling need to consider their social networks since they shape key aspects such as duration and start times.
Overall, this study presents a model that not only captures a rich set of variables explaining activity scheduling -such as social network size, contact variability, and duration flexibilitybut also the different relationships between social networks and activity scheduling decisions, both in terms of correlations and endogenous relations. The results confirm the relevance of the social context in the episode temporal characteristics, illustrating aspects that future activity-based travel demand models should incorporate to be able to capture the socializing side of mobility decisions.
A key caveat with respect to this result is due to the scope of the social networks that are considered in this paper. As discussed before, the model presented here considers only those social contacts from the "elicited" social network, that is, which emerge from daily activities, and with a scope of one week (constrained by the data set). As a consequence, the role of other relevant social contacts in activity scheduling decisions -either from an emotional or instrumental viewpoint -are not reflected in the results here, and should be integrated in future modelling efforts.
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